Editor's Note: This article is the second of 5 published in this issue for which category 1 CME credits can be earned. Instructions for obtaining credits are given with the questions on pages 190 and 191. PROSTATE cancer is the most commonly diagnosed noncutaneous malignancy in American men with more than 160,000 new cases in 2018. 1 However, only approximately 30,000 men will die of the disease. Furthermore, low grade cancers have an especially good prognosis. 1, 2 AS has increasingly served as a primary management strategy for NCCNÒ (National Comprehensive Cancer NetworkÒ) very low risk and many low risk PCa cases due to the often indolent nature of the disease. 3, 4 However, since GG progression can occur, periodic surveillance biopsies are recommended. 5 For instance, many protocols require a confirmatory biopsy within 1 year of entry into AS. 5 After this confirmatory biopsy the frequency of additional biopsies is highly variable, ranging from 1 to 4 years. 6, 7 No matter how stringent the AS protocol, a negative biopsy is regarded as a reassuring factor. A negative biopsy implies that the volume of a tumor is likely small and, thus, it tends to evade detection by needle biopsy. The rate of negative biopsies while on AS varies from 21% to 52% with standard SB but equivalent FB rates have not been reported. 5, 8e10 For example, Ganesan et al examined men with GG 1 (Gleason score 3 þ 3) and GG 2 (Gleason score 3 þ 4) on AS and reported an almost 50% rate of negative confirmatory biopsies at 1 year, which conferred a 50% reduction in the progression rate. 8 With advances in mpMRI urologists can rely on imaging to detect lesions which then become targets for mpMRI-TRUS guided FB. 11 The main benefit of FB is the ability to detect more clinically significant PCa compared to SB alone. 12 Without this information many patients with clinically significant disease may be inappropriately placed on AS. Prior studies of the rate of GG reclassification after FB have shown that almost 30% of cases are upgraded, making them potentially ineligible for AS. 13, 14 We examined patients referred to our institution with a diagnosis of GG 1 or 2 PCa who were undecided on PCa treatment and underwent FB to confirm eligibility for AS. We sought to determine the implication of a negative FB, consisting of all targeted lesions and SB, for disease progression and the rate of AS discontinuation.
PATIENTS AND METHODS

Study Design
We queried a prospectively maintained database for all patients referred to the NIH (National Institutes of Health) from 2007 through 2017 with a diagnosis of GG 1 or 2 PCa based on 12-core extended sextant SB performed elsewhere. These patients underwent mpMRI and confirmatory FB, consisting of mpMRI-TRUS guided targeted biopsy of suspicious lesions, and SB to determine AS eligibility. Patients who elected definitive therapy or decided not to pursue AS at our institution were then excluded from analysis.
There were no strict criteria based on PSA, PSA density or tumor volume estimated by MRI or biopsy results. Patients with any history of focal treatment, radiation therapy or androgen deprivation therapy were excluded from study. Only patients on AS with at least 2 biopsies were included in study so that a GG change could be documented. Patients with a negative FB and those with a positive FB who were still eligible for AS (GG 1 or 2) were followed with a yearly PSA test, clinical examination and mpMRI. Repeat FB was encouraged at 1 to 2-year intervals if deemed clinically warranted based on changes in mpMRI, PSA or examination.
Baseline demographic and imaging data were obtained, including patient age, race, PSA, MRI calculated prostate volume, a validated in-house MRI scoring system, and lesion number and size. Biopsies were reviewed to determine whether patients had GG progression, defined as GG upgrading, independent of tumor volume. In patients who discontinued AS and elected RP the final pathology results were recorded to determine any adverse pathological features.
Imaging and Biopsy Protocol
Each patient underwent 3 Tesla mpMRI using an Achieva device (Phillips Healthcare, Cambridge, Massachusetts) with a BPX-30 endorectal coil (Medrad, Warrendale, Pennsylvania) and a 16-channel SENSE cardiac surface coil (Phillips Healthcare) as described previously. 15 mpMRI sequences consisted of triplanar T2-weighted, diffusion-weighted imaging with b-values of 2,000 seconds per mm 2 , apparent diffusion coefficient mapping and dynamic contrast enhancement.
Two radiologists experienced with mpMRI identified prostatic lesions assigned PCa suspicion levels based on a previously validated in-house MRI SS. This 5-point tiered system grades each mpMRI as at low, low-moderate, moderate, moderate-high or high suspicion for PCa. The in-house SS correlates with the PI-RADS version 2. The exception is a PI-RADS 4 lesion, which may have a lower cancer detection rate than a lesion with a moderate-high likelihood of PCa due to the incorporation of extraprostatic extension features. 16 The PI-RADS was not in use at the beginning of the study and, therefore, it was not used in this analysis.
At the time of study entry and at each subsequent FB all patients underwent 12-core extended sextant SB and targeted biopsy of all lesions seen on repeat mpMRI. Each lesion identified by mpMRI was sampled with at least 2 or more cores based on physician discretion. All biopsies were performed by 1 of 2 physicians with extensive experience using the UroNav fusion biopsy platform (Invivo, Gainesville, Florida). 17 
Analysis
Univariate analysis was performed to compare the positive and negative FB groups at presentation using the Student t-test and the chi-square test for continuous and categorical variables, respectively. Kaplan-Meier survival curves representing those remaining on AS were constructed to determine median time to AS discontinuation. Similarly Kaplan-Meier curves were constructed to determine GG PFS. Cox proportions hazard regression analysis was then performed on all baseline clinical and MRI data on the entire cohort and then individually analyzed in the positive and negative FB groups. Statistical analyses were completed with STATAÒ, version 15.0 with p <0.05 considered statistically significant.
RESULTS
A total of 542 potential AS candidates were referred to our institution with a diagnosis of GG 1 PCa in 466 and GG 2 PCa in 76. These men then underwent mpMRI guided FB ( fig. 1 ). Of these patients 110 of 466 (21.5%) in the GG 1 group and 10 of 76 (13.2%) in the GG 2 group had a negative FB and elected to continue AS. Overall 224 of these 542 cases (41.3%) were upgraded to a higher GG, including 205 of the 466 (44.0%) in the GG 1 group and 19 of the 76 (25.0%) in the GG 2 group which were upgraded after mpMRI guided FB (table 1) . After initial confirmatory FB 210 patients sought definitive treatment. The remaining 332 men continued on AS after a negative or a positive confirmatory FB.
Of the 332 patients who elected to continue AS 182 underwent a subsequent FB and were included in study. Of these men 122 and 60 had a positive and a negative FB, respectively. In the positive and negative FB groups the mean AE SD time from SB done elsewhere to referral plus FB was 16.4 AE 16.6 and 12.2 AE 12.4 months, respectively (p ¼ 0.08). Median followup in the entire cohort was 43.6 months (range 6.7 to 121.9). Patients in the positive and negative FB groups underwent an average of 2.53 AE 0.81 and 2.73 AE 0.75 biopsy sessions, Figure 1 . Flow chart of patients included in study respectively (p ¼ 0.11). Table 2 shows the baseline characteristics of these 2 groups. The positive FB group had more cases of highly suspicious lesions based on our in-house MRI scoring system (8.2% vs 0%, p ¼ 0.02).
A total of 51 (41.8%) and 17 cases (27.4%) of positive and negative FBs progressed on subsequent FB (p ¼ 0.06). Median PFS was longer in the negative FB group than in the positive FB group (74.3 vs 44.6 months, p <0.01, fig. 2 ). Of the entire cohort 76 men (62.3%) in the positive FB group and 55 (91.7%) in the negative FB group continued on AS (p <0.01). The positive FB group had a median AS continuance time of 64.4 months while the negative FB group continued on AS for a median of 89.7 months (p <0.01, fig. 2 ). In the negative FB group 23 patients (38.3%) had no PCa on subsequent FB at a median followup of 38.8 months (range 14.5 to 83.3). The remaining 37 men (61.7%) had a subsequent positive FB at a median of 27.3 months (range 12.4 to 63.5).
At the time of biopsy in the negative FB group with progression 12 men had GG 2, 1 had GG 3 and 2 had GG 4 disease. All 5 men with a negative FB who discontinued AS elected RP after GG progression. Final pathology after RP revealed that all 5 cases were stage pT2cN0 or less, 3 were GG 2 and 2 were GG 4.
Cox regression analysis was then performed in the entire cohort ( 
DISCUSSION
These results demonstrate that a negative FB in the setting of AS confers a favorable prognosis for remaining on AS. Our study showed an almost 60% decreased chance of progression in patients after a negative FB. This finding is like that in prior studies of the prognostic impact of negative SBs in AS cohorts in the era before mpMRI. 5, 8, 9, 18 For instance, Wong et al found that patients with a negative SB at 1 year were 53% less likely to show progression than those with a positive biopsy at 1 year and the PFS rate at 5 years was 85.2%. 9 Patients in the PASS (Canary Prostate Active Surveillance Study) were 50% less likely to show progression following the first negative SB and 85% less likely after the second negative SB. 18 Notably these studies included only patients with GG 1 PCa 5,8,9,18 while our study also included men with GG 2 disease. Also, we applied no PSA or PSA density threshold. Therefore, our findings may be applicable to more men who do not fit more stringent AS criteria. Without the strict use of AS criteria higher grade or clinically significant disease can be ruled out in patients by mpMRI with its high negative predictive value. 19 Our overall rate of negative confirmatory biopsies was 22%, similar to previous studies of the rate of AS reclassification after MRI and FB. 5,8e10 Our rate of upgrading cases in which PCa was diagnosed only by SB was 44% on confirmatory FB. This finding has implications not only for AS but also for all PCa treatment modalities. However, this rate of upgrading at FB is higher than in prior retrospective and prospective trials comparing SB to mpMRI with targeted biopsy, in which the incidence ranges from 12% to 30%. 12, 20 This higher than expected rate may have been due to our patient study population, which included only men with a diagnosis of PCa, in contrast to the biopsy na€ ıve men with inherently lower PCa rates in the mentioned studies.
Tumor size predicted progression in positive FB cases on Cox regression analysis of the entire cohort. Tumor volume has been shown to correlate with more aggressive disease. 21 With the advances in mpMRI urologists can now reliably estimate tumor volume compared with using systematic biopsy alone, which provided only a surrogate of tumor volume. 11, 22 One main difference between the positive FB and negative FB groups was the higher incidence of a high MRI SS in the positive FB group. We primarily used the in-house MRI scoring system instead of the PI-RADS since the latter was available only in the last 2 years of this 10-year study. We acknowledge that this in-house MRI scoring system is not universally adopted. However, it has correlated with an increased likelihood of clinically significant PCa and it generally agrees with PI-RADS version 2. 23 Mehralivand et al prospectively validated PI-RADS and the highest likelihood lesions (PI-RADS 5) had almost 90% specificity for diagnosing PCa. 24 In our study almost all patients followed on AS had targetable lesions which were seen on mpMRI. However, a few cases were graded as at high suspicion for PCa based on the in-house SS. These low to moderate likelihood SS lesions (less than PI-RADS 5) have an overall cancer detection rate of 20.1% to 39.1%. 24 Our cancer detection rate in this study was higher likely due to the inclusion of only men with a known diagnosis of PCa. Reports have described the use of mpMRI to monitor patients on AS for progression and sometimes the only indication of progression on imaging was lesion size. 25 , 26 Frye et al found that stable mpMRI had 81% negative predictive value to detect pathological progression. 25 However, a proportion of men have GG progression despite stable MRIs. 27 Therefore, the decision to perform followup biopsy should be based on the individual risk factors for progression of each patient as well as time since the last biopsy. As mpMRI is more commonly integrated into AS protocols, standardized reporting of MRI lesions and FB cores will help urologists follow these patients and aid in future AS research. 26 Furthermore, mpMRI enables physicians to better detect not only the true grade of PCa but also the true volume of disease and any potential adverse pathological features better than relying solely on PSA and SB. 28 When mpMRI scans are combined with FB, urologists can more confidently select patients who will be benefit from AS. 14 Lastly, median PFS was more than 6 years in patients with a negative FB. The progression rate was 5% (3 of 60 patients) and 10% (6 of 60) at 2 and 3 years, respectively. Urologists should consider the entirety of the patient, the disease and the risks associated with the procedure when deciding when to rebiopsy. Patients with a negative FB should be considered for a longer duration until followup biopsy at a minimum interval of 2 to 3 years. However, an important caveat to this is the possibility of a false-negative targeted biopsy. When PCa is still suspected after a negative FB due to worrisome mpMRI findings, all possibilities of error should be investigated, including PCa mimics, imaging acquisition errors and fusion biopsy misregistration. 29 
CONCLUSIONS
A negative FB while on AS was associated with a nearly 60% reduction in the risk of GG progression and a median time to progression of more than 6 years. These patients are more likely to have low volume disease and often a low suspicion score on MRI. With its negative predictive value for ruling out high grade disease mpMRI along with a negative biopsy confirming these findings should be reassuring to patients treated with AS. A negative FB on AS, which is a powerful predictor of favorable outcomes on AS, can be used to counsel patients regarding the risk of progression. This information can help urologists decide how often to plan followup visits as these patients may be offered longer intervals between subsequent followup examinations, imaging and biopsies.
